Introduction {#S0001}
============

Epithelial polyps are the most frequent precursors of colorectal cancer. Carcinogenesis of epithelial polyps in CRC is a process consisting of many stages and lasting a number of years, and only a small number of polyps undergo a malignant transformation during their course \[[@CIT0001]\]. The development of the cancer results from progressive genetic (most frequently mutations) and epigenetic disorders in the form of changes in gene expression resulting from the modification of chromatin structure, but without changes in the DNA sequence \[[@CIT0002]\]. Among the initial stages in the development of proliferous and dysplastic changes in the large intestine there are small foci that are invisible in endoscopy using dyes and magnifying techniques, referred to as aberrant crypt foci (ACF). Aberrant crypt foci with the characteristics of hyperplastic and dysplastic polyps are listed in the histological classification of digestive tract tumors prepared by the WHO in 2000. The mixed form composed of both hyperplastic and dysplastic crypts is also described there \[[@CIT0003]\]. Besides the theory of carcinogenesis in the large intestine as the process of adenomas changing into tumors, which has been acknowledged for several dozen years, another pathogenetic form of sporadic CRC development has been found \[[@CIT0004]--[@CIT0007]\]. Hyperplastic polyps belong to those most frequently found in the large intestine. They are usually small, located in the rectum or sigmoid colon, and unimportant as regards malignant transformation. Their section has a serrated structure because of the varying height of the over-mature epithelium that lines them \[[@CIT0008]\]. On the other hand, serrated adenomas have the characteristics of both hyperplastic polyps and adenomas. Macroscopically they take a different morphological form in the large intestine, ranging from convex with a wide base located mainly in the rectum or sigmoid to slightly raised and flat and most often found in the colon. They occur as single or multiple adenomas and are seldom larger than 1 cm in diameter \[[@CIT0009]\]. As far as histology is concerned, serrated adenomas combine the architectonic changes of hyperplastic polyps with the basic cytological features of adenomatous dysplasia, recently called endoepithelial neoplasia \[[@CIT0010]\]. The research into serrated adenomas conducted in the last decade has shown, when considering their molecular structure, that they are characterized by mutation of the *BRAF* gene and accompanying microsatellite instability, whereas as far as morphology is concerned, a few histological varieties have been distinguished \[[@CIT0011]--[@CIT0013]\]. A traditional serrated adenoma retains the characteristics of the serrated ducts of dysplastic glands. A mixed polyp has a structure typical of a hyperplastic polyp and an adenoma. A sessile serrated polyp is a special variety because it has the greatest danger of malignant transformation \[[@CIT0006], [@CIT0014], [@CIT0015]\]. This macroscopic change is of a flat type that differs from a hyperplastic polyp in the irregular system of the lower part of its gland ducts and the presence of mitoses that are also found in the middle and upper parts of the ducts. All these varieties currently form the group of serrated polyps \[[@CIT0016]\]. Hyperplastic polyposis syndrome is an example of multiple hyperplastic polyps. This syndrome is not genetically conditioned and may take part in CRC pathogenesis \[[@CIT0017]\]. The carcinogenesis from hyperplastic ACF through serrated adenoma or a mixed polyp with dysplasia to CRC is responsible for the sporadic cancer formation in 15% of cases \[[@CIT0018]\]. The prevalence of serrated polyps in the total polyps group found in colonoscopy is estimated to range from 10% to 40% \[[@CIT0019]--[@CIT0021]\]. The aim of this paper is to analyze the changes characterized as serrated polyps and detected during screening colonoscopies performed as part of the Screening Program for Early Colorectal Cancer Detection in the period 2000--2009.

Material and methods {#S0002}
====================

The analysis was performed between 2000 and 2009 at the Endoscopy Unit of the Gastrointestinal Tract of the Gastroenterology, Vascular Diseases and Internal Diseases Department of Nicolaus Copernicus University in Toruń, *Collegium Medicum* in Bydgoszcz based in University Hospital No. 2 in Bydgoszcz as part of the Screening Program for Early Colorectal Cancer Detection financed by the Polish Ministry of Health. Polish citizens aged 50--65 or 40--65 with a history of abdominal cancer in a first-degree relative took part in the analysis. The criteria for exclusion from the program were as follows: the presence of clinical symptoms suggesting CRC, serious disease, an earlier diagnosis of inflammatory bowel diseases, and familial adenomatous polyposis or hereditary cancer unrelated to polyposis. After talking with the doctor and completing a questionnaire, the patients signed their consent to the examination. The day before the examination patients took an agent based on polyethylene glycol (Fortrans in a dose of 296 g) dissolved in water (4 liters). Most examinations were performed under anesthesia with the sedative midazolam (7.5 mg). The sedative was administered orally in the form of a pill 15 minutes before the examination. The doctor performing the screening colonoscopy described cecum availability, all abnormalities encountered, and the quality of the bowel preparation. The quality of the large intestine cleansing was assessed using the 4-degree scale proposed by the American Society of Gastrointestinal Endoscopy (ASGE) and the American College of Gastroenterology: very good, good, sufficient, and poor cleansing \[[@CIT0022]\]. During the screening colonoscopy, polyps of any size up to 1 cm were removed. Histopathological examinations were carried out by one pathomorphology specialist at the Pathomorphology Department of University Hospital No. 2 over the whole 10-year period of the Screening Program for Early Colorectal Cancer Detection. Histopathological evaluation was based on the criteria set by the World Health Organization. Larger polyps were removed separately under hospital conditions.

Fisher\'s exact test was used for the statistical evaluation of the data. A value of *p* \< 0.05 was assumed to be statistically significant.

Results {#S0003}
=======

Colonoscopies as part of the Screening Program for Early Colorectal Cancer Detection between 2000 and 2009 were performed on 1,442 people. During their colonoscopy 373 patients (25.9%) had polyps removed, including 171 people with serrated polyps. They constituted 11.9% of the whole analysis group and 45.8% of the people who underwent a polypectomy ([Fig. 1](#F0001){ref-type="fig"}). Serrated polyps had a histopathological structure of hyperplastic polyps in 107 patients (7.4% of the whole research group) and of a serrated adenoma in 64 (4.4% of the whole research group). The synchronous presence of a hyperplastic polyp and serrated adenoma was found in 10 of the patients. Among the analysis participants with serrated polyps there were 89 women (10.1% of the women from the analysis group) and 82 men (14.7% of all the men taking part in the analysis) and this difference was statistically significant (*p* = 0.0095; [Fig. 2](#F0002){ref-type="fig"}). Among the participants from that group there were 134 (12.7%) people living in cities with a population of more than 300,000, 17 (8.1%) in cities with a smaller population and 20 (11.1%) living in rural areas ([Fig. 3](#F0003){ref-type="fig"}). The average age of people with serrated polyps was 55.7 years, including 55.9 for women and 55.4 for men. There were 11 (9.1%) patients aged 40--49, 119 (12.9%) aged 50--59 and 41 (10.2%) aged 60--65 ([Fig. 4](#F0004){ref-type="fig"}). Fifty-seven of the analysis participants (33.3%) informed us about having other diseases, mainly arterial hypertension, coronary artery disease, cholelithiasis and thyroid disorders, and 78 had a first-degree relative who had been diagnosed with abdominal cancer (gastric, hepatic or colorectal). Serrated polyps were much more common among patients with a first-degree relative ("Positive") with abdominal cancer (*p* \< 0.0001; [Fig. 5](#F0005){ref-type="fig"}). Intubation of the cecum was achieved in 96.5% of cases. Endoscopists evaluated the intestine as having been very well prepared for the examination in 110 cases (64.3%), well prepared in 54 cases (31.6%) and satisfactorily prepared in 7 cases (4.1%). Screening colonoscopies were performed under anesthesia in 153 patients (89.5%) and without an anesthetic in 18 patients (10.5%) with confirmed serrated polyps. Among patients with serrated polyps a single polyp was detected in 65 people (38%), a few polyps (2--4 polyps) in 52 people (30.4%) and more than five polyps in 54 people (31.6%) ([Fig. 6](#F0006){ref-type="fig"}). Serrated polyps were located only in the rectum and sigmoid colon in 110 patients (64.3%), only in the proximal part in 30 patients (17.6%) and synchronously in the proximal and distal parts in 31 patients (18.1%) ([Fig. 7](#F0007){ref-type="fig"}). Stalked serrated polyps were detected in 52 analysis participants (30.4%), whereas semi-stalked and flat polyps were found in 119 participants (69.6%) ([Fig. 8](#F0008){ref-type="fig"}). The polyps were larger than 1 cm in 29 patients (17%), between 5 and 10 mm in 50 patients (29.2%) and smaller than 5 mm in 92 patients (53.8%) ([Fig. 9](#F0009){ref-type="fig"}). The results of polyp size analysis in relation to gender are presented in [Table 1](#T0001){ref-type="table"}. Five-millimeter and bigger polyps were more often found in men (*p* \< 0.0001). The most frequent additional abnormality found during colonoscopy was diverticula, which were found in 38 participants (22.2%) with confirmed serrated polyps, whilst hemorrhoids were detected in 36 patients (21.1%). A histopathological examination of the serrated polyps indicated that two had a mixed structure of a hyperplastic polyp and a tubular adenoma, and another that of a serrated adenoma and a villous adenoma. Tubular and tubulovillous adenomas occurred simultaneously in 27 cases (15.8%) and a villous adenoma in one case. There were two people (1.2%) with serrated adenomas larger than 10 mm in whom other adenomas, hyperplastic polyps or cancers occurred simultaneously. In one case cancer was located in the rectum, in the second case in the transverse colon.
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###### 

Diameter of serrated polyps in relation to gender

  Diameter of serrated polyps   Women with serrated polyps (*n* = 883)   Men with serrated polyps (*n* = 559)
  ----------------------------- ---------------------------------------- --------------------------------------
  \< 5 mm                       59                                       33
  5--10 mm                      15                                       35[\*](#TF0001){ref-type="table-fn"}
  \> 10 mm                      15                                       14[\*](#TF0001){ref-type="table-fn"}

Statistically significant difference, p \< 0.05 (exact Fisher test)

Discussion {#S0004}
==========

Serrated polyps are abnormalities that are frequently found in the large intestine during diagnostic screening colonoscopies. They were found in every eighth person in our analysis and in almost 50% of the patients who had polyps removed during colonoscopy. The results obtained in our analysis confirm the observation of other researchers claiming that serrated adenomas are detected during screening colonoscopy as frequently as conventional adenomas \[[@CIT0023]\]. Women came forward more frequently than men for a screening colonoscopy carried out in our center. However, serrated polyps were statistically significantly more frequently detected in men than in women \[[@CIT0024]\]. Many publications suggest that CRC based on polyps, including serrated polyps, occur with the same frequency in both men and women \[[@CIT0025]\]. In 2008 in Kujawsko-Pomorskie province 459 men and 386 women were registered as having been diagnosed with CRC. The analysis of the CRC incidence register indicates that between 2001 and 2008 in the Kujawsko-Pomorskie region the number of CRC cases increased every year and that each year there were more and more men than women registered as having been diagnosed with CRC \[[@CIT0026], [@CIT0027]\]. Another paper indicates that traditional adenomas, being the most frequent pre-cancer conditions in the large intestine, occurred more frequently in men than in women, with a statistically significant difference \[[@CIT0028]\]. That analysis suggests that men ought to be encouraged to attend screenings as they, either at their doctor\'s prompting or spontaneously, come forward for screening tests less frequently than women \[[@CIT0029], [@CIT0030]\]. No relationship between the frequency of polyp occurrence and the place participants live was found. The frequency of serrated polyp occurrence in patients who took part in a screening colonoscopy aged 40--49 with a history of abdominal cancer in the family and those aged 50--59 or 60--65 did not demonstrate any statistically significant difference. The data indicate that the authors of the Polish Screening Program took the appropriate decision to start screening colonoscopies in the group with a history of abdominal cancer in the family aged 40 and more \[[@CIT0031]\]. Between 30 and 45% of CRC cases indicate a so-called familial aggregation that does not suggest particular mutations, but only the incidence of that type of malignant tumor in the family \[[@CIT0032]\]. The screening colonoscopies performed in our center are characterized by their high quality, which is indicated by polyp removal in 25.9% of patients and cecal intubation in 92.2% \[[@CIT0026]\]. The parameters of screening colonoscopy quality achieved by the team of doctor and nurses together with a very well or well-cleansed large intestine in 96% of cases are the basic factors that facilitated the detection, macroscopic evaluation, removal, and then the histopathological evaluation of the serrated polyps removed after polypectomy \[[@CIT0015], [@CIT0033], [@CIT0034]\]. This type of polyp constitutes a heterogeneous group of abnormalities detected in the large intestine, among which hyperplastic polyps, or more 'advanced' adenomas such as traditional serrated adenomas, mixed serrated polyps or flat serrated polyps, are included \[[@CIT0006], [@CIT0035]\]. The results of our analysis confirm the observations of other researchers who think that serrated polyps are more often found in the distal part of the large intestine; however, in our material every sixth serrated polyp was localized only in the proximal part of the large intestine, and a similar number occurred simultaneously in the distal and proximal parts \[[@CIT0036]\]. This also concerns the size of the removed serrated polyps. In the material from our analysis smaller polyps sized below 5 mm and between 5 and 10 mm predominated \[[@CIT0008], [@CIT0037]\]. However, 17% of patients had polyps larger than 1 cm, including one person with a polyp of about 5 cm located in the transverse colon. The results of the analysis, similar to other researchers' findings, indicate that in a significant percentage of people hyperplastic polyps, because of their size, must be removed under hospital conditions and that larger polyps are often accompanied by a multiplicity of polyps \[[@CIT0038]\]. The results of our evaluation concerning one of the typical features of polyps, their stalk, are also similar to the results of other researchers. The serrated polyps removed through endoscopy were most often semi-stalked or flat and only 30% of the detected serrated polyps were stalked \[[@CIT0008], [@CIT0037]\]. Similar to other research results, in our screening colonoscopy material, among the serrated polyps the most frequent, i.e. in two thirds of the patients, were hyperplastic polyps. Traditional serrated adenomas occurred in one third of the patients and in 10 patients both histopathological types of serrated polyps occurred simultaneously. Within that group of polyps, 'advanced' serrated polyps occur less frequently in the large intestine \[[@CIT0008], [@CIT0016], [@CIT0035]\]. Among the 171 people with serrated polyps, there were three cases when polyps which, according to the histopathological classification of large intestine polyps by the WHO, could be classified as mixed ones were removed. In all cases they were polyps characterized by the following: a size greater than 1 cm, two of them had a clear stalk, and they occurred simultaneously with other polyps in the large intestine both in the distal and proximal parts. Two of the polyps had a hyperplastic and tubular structure and one had a hyperplastic and villous structure \[[@CIT0003], [@CIT0009], [@CIT0016]\]. Burt and Samowits suggest that two forms may be distinguished in hyperplastic polyposis syndrome. One of them is composed of small, multiple polyps with a small risk of malignant transformation, while the other, called 'serrated adenomatous polyposis', is composed of large serrated polyps, other so-called 'advanced' serrated polyps and conventional adenomas. The characteristic feature of serrated adenomatous polyposis is a significant risk of CRC development \[[@CIT0039]\]. In two patients the simultaneous presence of multiple serrated polyps in the distal and proximal parts, conventional adenomas and cancers (in one case located in the rectum and in the other in the transverse colon) was detected. It is also worth noting that two pathogenetic ways of colorectal cancer development may be present in one person, i.e. classical carcinogenesis as a process of the dysplastic foci of aberrant crypts changing through adenoma into cancer, and an alternative from aberrant crypt foci through serrated adenoma into cancer \[[@CIT0004], [@CIT0008], [@CIT0040]\]. This alternative way of leading from 'aberrant crypt foci' through a serrated adenoma into cancer is less common than the conventional carcinogenesis in the large intestine, which has been recognized for several dozen years and occurs in between 15% and 35% of cases of sporadic large intestine cancer development \[[@CIT0004], [@CIT0006]\].

In conclusion, serrated polyps constitute a frequent, and very frequent among removed polyps, abnormality detected during screening colonoscopy. Hyperplastic polyps, polyps smaller than 1 cm, without a stalk, multiple, located in the distal part of the large intestine, occurring in men or in patients with a history of abdominal (gastric, hepatic or colorectal) cancer in a first-degree relative are more frequently detected during screening colonoscopies. Cecum intubation and the well or very well-cleansed large intestine facilitated detection and removal of polyps. Where the patient lives and age had no influence on serrated polyp detection. Occasionally, serrated polyps had a mixed histopathological structure typical of both conventional adenomas and serrated polyps. Two cases of simultaneous 'serrated adenomatous polyposis' and CRC presence were detected.
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